Title of the Invention CATALYST FOR USE | N PRODUCTI ON OF METHACRYLI C ACI D
AND METHOD FOR MANUFACTURI NG THE SAME [Field of the Invention] [0001] The
present invention relates to a catalyst for use in the production of

met hacrylic acid by gas-phase catal ytic oxidation of methacrolein,

i sobut yral dehyde, or isobutyric acid using a highly active and highly

sel ective catalyst and a nethod for manufacturing the catal yst.

[ Background of the Present Invention] [Background Art] [0002] Many

catalystsqh ve bﬁgq?gro osed for use in the production of nmethacrylic acid
ca

by the gas- p‘léaséD e at i on of met hacr ol ei n, isobutyral dehyde, or

i sobutyri CATEOXRT NSt U(SIE ﬂNeE%OBac’a[Q@t@Fdﬁiﬁ%@RYM@@déﬁmmN@mEﬁﬁ@@phor us

as the maigy %?Hﬁﬂﬁﬂﬁ @structure of heteropolyacid and/or salt
t her eof . [000 or exanple atent Docunment 1 describes in detail the

roles of individual elenents in a catalyst containing nolybdenum

vanadi um phesphytisshanth-@$endg) as essential  conponents and a method for
prepari ng th catalyst. Patent Docunent 2 describes in detail the roles of

i ndi vi duall%%ents” in a catal yst contai ni ng nol ybdenum phosphorus,
vanadi um  anti mory prareénaoapetnas essentbitals ecenporeants yamnd farmethodnf or

preparing. he cat St ment 2_descri bes th a

contalnlng%Va d:(%ﬁ¥%ndnaﬁ%|ﬁ5ﬁy pf@bareda%§a % ﬁ%C|f|é“ﬁ%tﬁoé Egﬁlg hi gh
react|V|tpx1@aWugh1nnﬁhmetyECCOQend, sebbottinrathyderaate | oy tackhbysrilife.
Pat ent Doglceq%nhs%gdgsmg ghgl%eaﬁaaﬁl;gﬂlg}f sélaeubgeegeblpggsgher us,

vanadi um anti nony, opper - based cata his preparation,
catal yst PaReirkest 41 M5t QQﬁﬁiﬂﬂ\RﬂﬁuﬁQRﬁ%%ﬁi naterlal and/ or an

anti nony nawcmrgb-eltindl 3 erd Fsed dnvehtion)
[Background Art]
[0002]

Many catalysts have been proposed for use in the
production of methacrylic acid by the gas-phase catalytic
oxXidation of methacrclein, iscobutyraldehyde, or isobutyric
acid. Most of these catalysts contain molybdenum and phosphorus
as the main components and have a structure of hetercpolyacid
and/or salt thereof.

[0C03]

For example, Patent Document 1 describes in detail the
roles of 1individual elements in a catalyst containing
melybdenum, vanadium, phosphorus, and arsenic as essential
components and a method for preparing the catalyst. Patent
Document 2 describes in detail the roles of individual elements
in a catalyst containing molybdenum, phosphorus, wvanadium,
antimony, and copper as essential components and a method for
preparing the catalyst. Patent Document 2 describes that a
catalyst containing wvanadium and antimony prepared by a
specific method has a high reactivity, a high methacrylic acid
selectivity, and long catalyst life. Patent Document 3
describes the preparation of a molybdenum, phosphorus,
vanadium, antimony, and copper-based catalyst. In this
preparation, catalyst raw materials other than a vanadium raw

material and/or an antimony raw material are dissolved or



suspended in water, heat-treated at a tenperature of 80C to 200C for 1 to
24 hours in the presence of an amoni um group, followed by the addition of
a vanadiumraw material and/or an antinony raw material, heat-treated
again at a tenperature of 80C to 200C for 1 to 24 hours, and cal ci ned.

[ 0004] Patent Docunent 4 describes the preparation of a nolybdenum
phosphorus, vanadium antinony, and copper-based catalyst. In the
preparation, an antinony conponent is prem' xed wi th a nol ybdenum

conponent,_ a vanadi um co one nd/or a per co nent. The mxture IS
heat - t r eat 80 1At " %%Cl?ow qé‘?‘l%ait é %%fe%ldlﬁ a CE?I%“P”%}%‘?W%‘%V Mat et icalto

[ 0005] | n 2HESe flomoﬂmtbeélﬁnnmques it hehadsid s an-ofo farmakinmny:n ¢ampeynd is
desi gned t&llW&ﬁstﬁ/ t-he achii i E}ﬂl Qfe gh@aﬁgéfuﬁldpgmlv’ nfaatteatllyasf an V%%]hut he

addition of an antirfony compoun ' cate me- consum’'ng
there i s ISR 6w é‘@ttéb‘lllaéh Be§ﬁ1ﬁﬁlféaﬁﬁﬁuﬁﬁéﬂ~nrﬁih@ frertred.a thuret kér nor e,

these cat algrst schavectowst QCEvaﬁyhobggeranﬁeE%gkﬁ oy to a target
subst ance, [r?aOQﬂ shorter life than a m)ly denum vanadi um based cat al yst

proposed i Ye production of acrylic acid by the oxidation of acrolein,
V\:hl ch is known Regere sibmicharentto thedgasrphase e alpranes oxdidat | @F reaction

nmet ha t I i sobutyric acid, ,Thus
sone of tﬁggﬁ L# t%%(%g \q)jeodrgleénvggr?#elrug}’alal %éal OnYyhape nggeﬁehﬁﬁagfor
i npr oved ﬁértﬁdﬂ/@é?ncénéfhacarapysﬁtlopG)OﬁB]anfhetomlpft tompoaet f vist prénoredr si on
of raw matgrinalS)ndf yidie Gt a&aﬁﬁoH@H@ndé Q1 %g%{ ear {4 ong(gpage

velocity, molar ratio of raw naterial gases, dianete a reaction tube,
and the FPKEFIEXEBESNGBIY HigMicdtdleyss @@@tvityabﬁécﬁed§oéc1sm6@@§§|ve
oxidatlonandadglamedlaadmn@a&@ﬂyéﬂMMaw)Méﬂékiﬁl,nethacryllc aci d.

Excessi vel y g catalyst activity results in an increase in the
tenperatu e 0 reaction bath. Thus, the catalyst cannot resist a |ong
period of use. Thuéheaenéﬁhmd ferhnggnerel thagatiiet catabysénasht vindyyi S

al so requkbREcoLAEPE: designed to increase the activity of the resulting
catalyst. However, the addition of an antimony compound is
complicated or time~consuming. Thus, there is a demand to
establish a simple manufacturing method.

Furthermore, these catalysts have lower activity, lower
selectivity to a target substance, and shorter life than a
molybdenum-vanadium-based catalyst proposed in the production
of acrylic acid by the oxidation of acrolein, which is known
to be similar to the gas-phase catalytic oxidation reaction of
methacrolein, iscbutyraldehyde, or isobutyric acid. Thus,
although some of these catalysts have been commercialized,
there 1s a demand for improved performance of catalyst.
[C00®]

The optimum activity (conversion of raw materials) of a
catalyst depends on reaction conditions (space velocity, molar
ratio of raw material gases, diameter of a reaction tube, and
the like). Excessively high catalyst activity proceeds a
successive oxidation reaction, leading to a lower yield of
methacrylic acid. Excessively low catalyst activity results in
an increase in the temperature of a reaction bath. Thus, the
catalyst cannot resist a long period of use. Thus, a method for

controlling the catalyst activity is also reguired to be



2 adapted to various reaction conditions. [0007] Patent Docunment 5
describes a nethod for filling a plurality of reaction zones provi ded by
longitudinally dividing a reactor with a plurality of catal ysts having
different activities such that the activities of the catalysts increase
fromthe inlet to the outlet of a raw material gas. This can reduce heat
generation in the reactor to sone extent. However, the filling process is
troubl esone. In an exanple and a conparative exanpl e of Patent Docunent 5,

whi |l e a.reggééééﬁléﬁ ﬁgf{gﬁgE?eaCE%%% ¥E§S of catal ysts having an

activity adj ust g ny"Fevel , when these catalysts
are used |Hﬂﬁﬁhblayer the cat al yst of a | ower antlnDny | evel has a very

Low activity anbddscabalysbnel # ablgbepeant mpvnLavel.has, g ligh,

activity but a |ow selectivity. e catalysts exhibrt
In additidhitigeita Sat :ﬂ%‘c%| AGT@T | Rreriedicdat &ycompasitireanat ivhe two

cafjal ySLStCQLMCQLr{gS ta l.avx i @ d wameh aahlpq*&réﬁtl(t*gptoﬁfqiatatl%mt atﬁ%t%F‘ heat
medi um ba eratu deterioration dye to heat [oa
[Pat ont DO S Shmkiese Pal ol NG, TBFIGHB6VE PAEEHLE BYCuFahe Lo}t
Japanese Umexamzwed :PRat ehie Apgldtcatd ame Bubllieg¢atifon Naw ﬂaEéZZ&l[Babent
Docunent Ja e 476 [.Pat ent_Docunent 4
Unexanineﬁkﬁéigﬁﬂ %ﬁ |c§?%on %ﬁiﬁbéilon kﬁ E¥1172 Cbgt Eg ﬁént 5]
Japanese PgEe Mot QSﬁMQMBDQUQKQﬁ&ﬁWJGJtthebﬁneemE|ohmzﬁﬂ@@@hpﬂm esdan

obj ect OfatQ%m@QQ%%E%e'@&%ﬁbﬂ%ﬂOEOPB%%%%dgo@uméh%p%e Rt RQdf oL, -t i 6
nanufacturln a cata use in gas-phase catalytic OX|dat|on 0

nethacroléln SELOB &P&@hﬁ&@ fofPe T sobuidfd by sles d 261 pE odlicRCReVhBEr yl i ¢
acid sel ecbnmebyl@@d boonsishenthy itha hirghndre) difele1g | angnpethede of

time and a,.methed for shoRhy GonfEollLng the,catalyst activity 19 be
antimony level has a very low activity and the catalyst of a
higher antimony level has a high activity but a low selectivity.
Both of the catalysts exhibit low yields. In addition, even a
catalyst having an intermediate composition of the two
catalysts exhibits a low yield and a high AT (hot spot
temperature - heat medium bath temperature). This may cause
deterioration due to heat load.
[Patent Document 1] Japanese Patent No. 3146486
[Patent Document 2] Japanese Unexamined Patent Application
Publication No. $-24277
[Patent Document 3] Japanese Patent No. 3482476
[Patent Document 4] Japanese Unexamined Patent Application
Publication No. 6-91172
[Patent Document 5] Japanese Patent No. 2574948
[Summary of the Invention}
[0008]

It is an object of the present invention to provide a
simple method for manufacturing a catalyst for use in gas-phase
catalytic oxidation of methacrolein, isobutyraldehyde, or
isobutyric acid to produce methacrylic acid selectively and
consistently in a high yield for a long period of time and a
method for simply controlling the catalyst activity to be

adapted to various reaction conditions.



adapted to various reaction conditions. 3 [0009] The present inventors
found that in a partially neutralized heteropol yacid salt containing
essential conponents of nolybdenum phosphorus, vanadi um cesium

antinony, and amoni a, a catalyst containing an antinony conpound added by
a particular nethod has a very high catalytic performance. The present
inventors also found that the catalyst activity can be sinply and
precisely controlled by the addition of antinony by a particul ar mnethod.
The present, $@yfntors further found that antinony has an effect opposite
to that in tent Docunment 5. Thus, the present inventors conpleted the

pr esent |nvent|&me'ﬂmﬁ¢SQHﬁa[ymﬁﬁnﬁ0¢mvéhnhmh reéladt ednt oa( 1paatmethed for

manuf act urjdng: & Catdd v sty SUWNISI ik g sentdyal é%lt\éqnqga@pon%egéng&al

nol ybdenum phosphorus, vanadi'um™ cesium anti nony, anmoni a use in
the produ@dBPIe et Ider JOLYPOgEIN, ¢ OSSPSRy Sm X VAG 284 Uant | ABAY Benpound
with a complieorgxi dengontaidying the essentdal caﬁthyﬁlﬁ@mﬂeahﬁl%hw t han
anti nony, and nncpaﬂg gq%ycaIC|n|nﬁ the resulting m xture, % aﬁhe met hod
accor di ng F8HCH? F £hB2 At xFHG 251 Mg Heod AofRy- £ SmPSuRa @Y hithe
conpl ex opedefqrsnaazqmcmamgcsdsanb(nngenmbrtsml@@rmluevd oxétdemndaaasoktd
antimony ceapoyn. gﬂcgﬁkxgs d 58 Iggg %}%%599 q,cat;e %Xﬁ} c88?£15|ng

essential ~ acti onen HUM osphorus, “Yanadr any - cesi um
antlnnny,oénﬁﬂﬁﬁﬁﬁﬁm bbrau§@ﬁhiQdkﬁ@r@@Ub@ﬁonT@E mmdﬁﬂnWIaneathS

conpri si ngufintwe&gf@u%ufﬁxt%@ﬁﬁhBhQ%éQ%&%ﬁ@d@'opp%%tlt\ée tGORRgRent s
ot her than antlnDny and elngpconvertlble into a conpl ex oxide by heating

with an ahfi-fdhy PEGHPGTNd > YPngtPRePFBSANEI nYVAR kPGP eCPBPEBERTATARY
powder, apdesehdi ngveandogal ci ning the dry powder. (4) the method according

to (3), wherein, the t erature at whi.ch the ant | conpound is mxed is
0C to 35C, (5) Fh 8 EEB PLEESHG an%?% %%5 nafhereln t he nol di ng
conprlses(ébaﬁnﬁ@thﬂdﬁhatmﬁvef@atumemqmﬂdaﬂdﬂyanxmeEluangessentlal

active components of molybdenum, phosphorus, vanadium, cesium,
antimony, and ammonia for use in the production of methacrylic
acid, comprising mixing an antimony compound with a complex
oxide containing the essential active components other than
antimony, and molding and calcining the resulting mixture,
{2) the method according to (1)}, wherein the mixing of the
antimony compound with the conplex oxide is a mechanical mixing
of the complex oxide and a solid antimony compound,

(3) amethod for manufacturing a catalyst comprising essential
active components of molybdenum, phosphorus, vanadium, cesium,
antimony, and ammonia for use in the productiocon of methacrylic
acid, comprising mixing a slurry containing the essential
active components other than antimony and being convertible
into a complex oxide by heating with an antimony compound,
drying the resulting mixture to form a dry powder, and molding
and calcining the dry powder.

(4) the method acceording to (3), wherein the temperature at
which the antimony compound is mixed is 0°C to 35°C,

{(5) the method according to (1) or (2}, wherein the molding
comprises coating an inactive carrier with the mixture using
a binder to form a coated catalyst,

(6) the method according to (3) or (4), wherein the molding



a binder to forma coated catal yst, (6) the nethod according to (3) or (4),
wherein the nolding 4 conprises coating an inactive carrier with the dry
powder using a binder to forma coated catalyst, (7) the nethod according
to (5) or (6) , wherein the binder is water and/or at |east one type of
liquid selected fromthe group consisting of an organi c conpound having a
boiling point of 150C or less at 1 atnospheric pressure, (8) the nethod
according to any one of (1) to (7), wherein the <calcination tenperature is

300C to 450 9 r.ed the td C o one of
(D) to’ (8 g oS8 Eadit e e St b natnae R e e et e g
gas- phaseétéuwwwwl¢quqnm|ancqﬁtaﬁn¢ﬁﬂﬁkM$nml i sobut yr al dehyde, or

| sobutyri ¢ ;ci %’ @d%%tc%d:yosfn% %0%9'5'9 Lo (%er[e%vweaggﬁdngfgt of

t he Inventlon] 010] Accor present invention, highly active

and hi ghi%ptse] 2edi 98 %%aﬁyétort%ﬁﬁ@en@ﬁgll@é@é#ﬁ?éﬁ%@ﬁp%ﬁ%tt@eo@roup

nol ybdenumorphespher Bg, avaradiaiMc cesigiinAHa iy . a absh 1 ag1omb an€ ade be
nanufactured a catalyst of which activity can easily be controlled and

whi ch canlB8” %d%ﬁté%s%oaQail6E@OSP€§69Foﬁr€§ﬁBFﬁvons can be provided.

[ Descri pti(én aﬁuihetﬁm@fecceddEﬁQOdonﬁn¢she po011] vh naEnuf abewneingimet hod
accordi ng the _present inyentian | LQg an antinony conpound
with an aﬁﬁgS&Eat§8Pu Qﬁefgﬁfﬁinfﬁb gng8ug§6 @htalnlng active
conponent $9) (rmlqali@é-r}@rﬁ rpkospst by, thanseivm cestumnand amoana)ocbf a
catal yst ofjarwat@s digpersion of the conpound (hereinafter collectively
referred to as slurr%h or a conplex oxide formed, by drying the slurry.

Pref err ed {éRbodidrehe Shef §OﬁamﬁQﬁHQﬂW%gm%%?ﬁ6€YléEcéﬁ&qu;QQWR?&?kﬁ%sent
i nventi ongasepnhasghl y diavizdedidto tbeidation of methacreolein,

isobutyraldehyde, or idsobutyric acid using a catalyst
according to (9.

{Advantages Effect of the Invention]

[0010]

According toe the present invention, a highly active and
highly selective catalyst containing essential components of
melybdenum, phosphorus, vanadium, cesium, antimony, and
ammonia can be manufactured, a catalyst of which activity can
easily be controlled and which can be adapted to various
reaction conditions can be provided.

[Description of the Preferred Embodiments]
[0011]

A manufacturing method according to the present
invention includes mixing an antimony compound with an agueous
solution containing & compound containing active components
(melybdenum, phosphorus, vanadium, cesium, and ammonia) of a
catalyst or a water dispersion of the compound (hereinafter
collectively referred to as slurry} or a complex oxide formed
by drying the slurry.

Preferred embodiments of a manufacturing method
according to the present invention are roughly divided into the
following two types depending on the form of the complex oxide
or the slurry {collectively referred to as precursoxr A).

{1 Compounds each containing one or more of molybdenum,

<



followi ng two types depending on the formof the conplex oxide or the
slurry (collectively referred to as precursor A). (1) Conpounds each
cont ai ni ng one or nore of nolybdenum 5 phosphorus, vanadium cesium
amoni a, and ot her optional elenment are dissolved and/or dispersed in
water (step (a)) to prepare a slurry. The slurry is dried (step (b)) to
prepare a precursor A The precursor A and an antinony conpound powder
are mxed (step (c)) , then nolded (step (d)) , and calcined (step (e)).

(2) Conpounds _each contai ning one or, nore of nolyb u o)
Vahadt um HEGSFINE o A oeRer Bt BT endnt SRl vedt S or
di sper sed cilemgaterrésteps ¢iyed awd/pr eparme st unr watEhre (sitepr yai s o xed
with an anti o] ( p i ed. (st ) (1)),
and calci%gggg?ét%p 9???'. ?ﬁgtﬁgg%%gsg%tggﬁégn§$%%§ g%)gg%gsgr%%%%gnent
ot her tha@ Pﬁ%@yb@i@ﬁl.#m Pho SPHOTWES O X dnaldf AR 2064 emY 8RTPRBAY, PAIRCT

amoni a may-che; atd least pop) elem®nhosgbected ram t he@geaupineensisépng of
copper, arsenic, silver, manganese, zinc, alumnum boron, germanium tin,
| ead, titaf¥em zirconium chronium rhenium bisnuth, tungsten, iron
cobal t, ni(ekel ,Comgarindg thoni wantpahdssi wne and mubkidiafmndl godponent

other thap the essential_ .conponents nay be added a h : vi ded
that a unPform 85H&’ ex oxi dleurggomﬁgfc’lglfn’ slaﬁﬂrmroflcadn %)e{d %th%eggtﬁlgép
conponent edehentt ks s ssssendial doapemnentls iraywaber addédrbeffore ©? after

the addit%9%@%%@%@s@ﬂ&&@pnﬁﬁﬁngﬁyggdjiRi&@@\PI@§%H§ah@YﬁBE&0§bm hen@tom c

rati o of ound containing an active conponent to 10 nDl ybdenum at ons
is gener&FF§PO(Y) t o B 1% efsdrsibl §2)0..3mPe d2dp (FERPY AR AdY uRR ettty 0.5
to 6, prefetaply;9y7 to 2.0 for phosphorus, generally 0.01 to 4.0,
preferably 01 8 i Baetit 1bo: SN AL Lk L 2gh0 B PrEf el 0- o
ant i nony. mFhgbdé¢ype, angh¢ bghanoant oénaddther optioenal activengonpomént are
det erm neg, as, APPLIPT LBt 8+ PcRLOVILAE 216ALAkY Sk 1RAMINY AR MR group
consisting of copper, arsenic, silver, manganese, zinc,
aluminum, boron, germanium, tin, lead, titaniuvm, zirconium,
chromium, rhenium, bismuth, tungsten, iron, cobalt, nickel,
cerium, thorium, potassium, and rubidium. A component other
than the essential components may be added by any method,
provided that a uniform complex oxide powder or slurry can be
obtained. The component other than the essential components may
be added before or after the addition of an antimeony compound.

In the present invention, the atomic ratio of a compound
containing an active component to 10 molybdenum atoms is
generally 0.1 to 6, preferably 0.3 to 2.0 for wvanadium,
generally 0.5 to 6, preferably 0.7 to 2.0 for phosphorus,
generally 0.01 to £.0, preferably 0.1 to 2.0 for cesium,
generally 0.1 to 10.0, preferably 0.5 to 5.0 for ammonium, and
generally 0.01 to 5, preferably 0.05 to 2.0 for antimony. The
type and the amount of another optional active component are
determined as appropriate to provide a catalyst having optimum
performance depending on the condition under which the catalyst
is used. The atomic ratio of a catalyst active component in the
present invention is that in the preparation of raw materials

and does not contain oxygen.



per formance dependi ng on the condition under which the catalyst is used.
The atomc ratio of a catal yst active conponent in the present invention
is that in the preparation of raw materials and does not contain oxygen. 6
[0012] An enbodiment will be described bel ow for the processes described
above. Step (a) and (f): preparation of slurry In the present invention,
exanpl es of a conpound containing an active conponent for use in the
preparation of a catalyst include a chloride, a sulfate, a nitrate, an
oxi de, or an cetate of an active conponent elenent. Specifically,
preferred ex %gles of a compound containing an active conponent include a
nitrate, such agrpetmbssiimati wiaf ebordeobal tedhitaiatve forahhexpdecesseh as
nol ybdenum Q4. de,./anadjdm pent oxi de, antinony trioxide, cerium oxide,
zi nc oxide, or gernanlun1OX|de and an acid, such as orthophosphoric acid,
phosphori 6t&8 da) Bad clfdci dvr eaima hith phospHat® or 12 tungst ophosphori ¢
acid (or salt tmereﬁte) prgégflgraﬂll\)’en@l§@5| @H&Wn%ﬂ Sace@ommuﬁ@et ate
or cesium hydraogxi.de and a weak acid sium _ Pref %%

ﬁ%ou%ds

armont um EGRPGARd s ARG &8@@3{@1’1& fognﬁﬁﬁ. Wi ﬁ{?&%ﬁ?%fa
contalnlng,th635yactiN@ludenp@ﬂﬂmESLnayabeuuSadeaknmaUnauq}eonbxna€|on A
sturry can. g LeLhed Dy UnLhol g‘éwg oF86h coupatind §§Q&fﬂ‘&%ﬂlg[u”y

active conponen Wat 8r . € preparatfi
a corrpoun@reém:auem @gamlybd&warﬁommm aantaphégsphoir ast iasdcancandt her

optional nmetalhiC, &li8meNnte %uc%uagsfz'p%'t%%tsll)(mfjh§§95¥@%Jp%t>%'é§ttﬁﬁt@gﬂé;| on of
a cesi um conmpound and an ‘anmoni um conmpound to the sl urr%lt en a.slurry is
sel ected §§-t?%9%ﬁecd¥§3} AS tHel Wode R iBn B CoseNerar4 Q%HtQ%héﬁhents

ot her thaanammanylmmxg@apmmunsopméer@bwoxﬁdbl W\edehyhatrﬂi@nadmdiepn of
t he antlnDn i nony. co i mony
ﬁt n%gl peﬁﬁ&k @g ofﬁ¥o orlc én)éﬁﬁsﬁﬁgr ? a@f&

trioxide, ny ‘ace @ ihony Trioxide is
partlcuIabbylpr@tedredlumsnamnehabprDPOUQd b2 hewngdapphosphoric acid
(or salt thereof). Preferably, a cesium compound 1s cesium

acetate or cesium hydroxide and a weak acid salt of cesium.
Preferably, an ammonium compound is ammonium acetate or
ammonium hydrexide, Compounds containing these active
components may be used alone or in combination. A slurry can
be formed by uniformly mixing each compound containing an
active component and water. Preferably, in the preparation of
the slurry, a compound containing molybdenum, vanadium,
phosphorus, and an another optional metallic element is
sufficiently dissoclved before the addition of a cesium compound
and an ammonium compound to the slurry. When a slurry 1is
selected as the precursor A, the addition of essential active
components other than an antimony compound is preferably
followed by the addition of the antimony compound. Examples of
an antimony compound include antimony trioxide, antimony
pentoxide, and antimony acetate. Antimony trioxide 1is
particularly preferred. As a metal compound other than
essential active components in this case, use of a copper
compound, such as copper acetate (cuprous acetate, cupric
acetate, basic copper acetate, or cupric oxide, preferably
cupric acetate) or copper oxide (cuprous oxide or cupric oxide)

may have a preferred effect.



essential active conponents in this case, use of a copper conpound, such
as copper acetate (cuprous acetate, cupric acetate, basic copper acetate,
or cupric oxide, preferably cupric acetate) or copper oxide (cuprous oxide
or cupric oxide) may have a preferred effect. 7 In the preparation of a
slurry, the slurry is preferably heated to a tenperature at which a
conpound contai ni ng nol ybdenum phosphorus, vanadium and another optional
nmetallic elenment can be dissolved sufficiently. The tenperature at which a

cesiun1conpoundjﬁggegngggggggggééggp%ﬁpgufg%e 999%9xh%39§@eﬁ?é%¥F9§ &o 35C,

preferably about ds"to provid catal yst “ havi ng
a hi gher hﬁﬂuadtyo Thetammmﬁa&ﬁrwa@ér whl@heesl@pm@qwﬁwuﬁ@ntﬁiﬂéag

provi ded that uppol HBE%E tys of compounds usgd i AnbPeesl UEEYiokAD
conpletely be i ssol've uﬁ% T y‘be m xed, and |sn e?ernlﬁeé as

appropr|aﬂ@ﬁ%%k%h5|ﬁéﬁﬁﬁp6n &@na dﬁ?|n§1ﬁ§9ﬁ88d ls%ﬁ%AQKf THondi ti 6RE. In

general , tﬂympﬁﬂaﬂuréﬁHNWﬁﬁﬁhkmcéggumsiﬂﬂ<Mnk£aaaquﬁaa@@nh@nzgﬁﬂpaass parts
per 100 mass parts of the total conpoun used i preparat Qg of the

3
slurry. W% 289%  gerd ot 1 610 Wattér Sma§/ b@r%@éabiﬁ gkesdsitvet ahBunt of
wat er causesurBy°deneriksteadehtaspanvioer easethbytbehenengya h@gheof a

drying pracessand AsuLLGLanto Arylag. of, the sLutlyy 4 (0013)) Shepofb) and

(h): drying Thén,” 't he Iurr orne in ep desc ove or 1In the
foIIomnngngéad@gbtﬁ@tdﬁV%éhPéepﬁUﬁU@édaOérQOWQﬁM@§W3U@@éhbmé&“%%iﬂéfy The

slurry maygbe &fﬂﬁ%@l@nue metihad) vRuod ded, i Ehak1 { hgesShurda, i saiconpketel y
dried. Exanples of a dr% met hod i ncl ude drum dryi %t freeze- dﬁ¥ $
spray drylﬁﬁerﬁﬁ@edeéép PR PBﬁlﬁB@d+@ﬁ%§§3lq$ﬁﬁﬁﬁ?%éﬂ$ HEYSpPaycur9ing is
part|culabkydpyeh@rbeddumlbh% pmasgahemauenthenambeaausé whteanindtyet he

slurry to forn1algomg% O%r%nubgao n. Sshg gg 58?h%£$ ppeLaturecof the

spr ay drylngrégpends on t e slurry concen ratlo rate and i's
general | yt‘ﬁect(t‘toah@@@poamdénes@@tﬂreth@@I&Rﬁ%@lompéf@%bllylrra’ d¥yipeoduct

has an  ; 1arger amount of water may be used, an excessive amount of
water causes many demerits, such as an increase in the energy
cost of a drying process and insufficient drying ¢of the siurry.
(0013]

Step (b} and {(h): drying

Then, the slurry formed in the step described above or
in the following step (g) is dried to produce a dry powder
{complex oxide) . The slurrymay be dried by any method, provided
that the slurry is completely dried. Examples of a dryingmethod
include drum drying, freeze-drying, spray drying, and
evaporation to dryness. Among them, the spray drying is
particularly preferred in the present inventiocon, because it can
dry the slurry to form a powder or granules in a short time.

The temperature of the spray drying depends on the slurry
concentration and the feed rate and is generally 70°C to 150°C
at the outlet of a dryer. Preferably, a dry product has an
average particle diameter of 30 to 700um.
[0014]
Step (c): mixing of complex oxide and antimony compound

A complex oxide and an antimony compound may be mixed by
any method, provided that they are uniformly mixed. The complex

oxide and/or the antimony compound may be mixed with water (c-1),



average particle dianeter of 30 to 700m [0014] Step (c): mxing of
conpl ex oxide and anti nony conpound A conpl ex oxi de and an anti nony
conmpound may be m xed by any nethod, provided that they are uniformy

m xed. The conplex oxide and/or the antinony conpound nay be m xed with
water (c-1) , 8 or a solid conplex oxide and a solid antinony conpound are
m xed nmechanically (c-2). (c-2) is preferred because it is sinple. Wen
(c-1) is selected, the slurry is dried as in the step (b) [0015] Step (9):

m xi ng of slurry.and antinony conpound The tenperature at which a . slurry
and an antd Ny L OMSOUHG AP b e Fss bt FTTATET L GORPSPAE) 115 i xed

t enper at urree@nch i ¢sl py eferabl y(HC )t o S5Ce Mxia) efcasantd meny iepapound
wth a sl ef.are_t LLi of ,a_cesi um conmpound d a a ni um
conpound, %‘g%ér%t ilguﬁgr&%%%?ﬁ%&hqi%eenﬁéPartrﬁ’r Jesor%“s aso%n?rto ee,{“"ntr%)yrrrggs'uIt in
a less acti®d&lZhtalyst and is therefore not preferred. [0016] Step (d),

(i): ol di JTo; fed SSHIr r g I i dation
reacti ons,g{%ﬁe (rrglf)xt %%%fa?ﬁeﬁlﬁh%sfh%%t%ﬁg%@?ﬁ%rétéﬂgaafrqé powder obtai ned
in the step (h) BEre tsBRcaptEESt Ry #bd Chnl dedluXito ebFuridar 2RBETERY,

tablets, rdompahapescandxspher heallimhepes Andpde: tikeerNmng dihesad

coating inert carriers with themto provide coated catal ysts is
parti cul artiSy PpreFEAred, U becadseC mpt bvREent 4 SSe @ N COTFPRNG S BibYal  of

reacti on keatiuvare erxfeceedicn dadachoeved. £reéetahl ecopatumy st@pabst ep
(d)y, (i)) . Al lin ranul ation thod _as _described below. This.is a
et hod 16 R e Bl T BE A e Tt e BT aTEs L atr e @ FpCl y
rotating &I Matcormaievs di sé Enlans appat ae usa thaly sig artte 1di skarefehe i nner
bott om of natf ixed «genlpi ner so as to stir carriers in the apparatus

vi gor ousl y teﬁrjugh their repetitive rotatory notion and orbital notion and
by addi ng {fi&drs and the coat i ng

Step (d}, (i}): molding

To reduce pressure loss of reactant gas in oxidation
reactions, the mixture obtained in the step {(c) or the dry
powder obtained in the step (h) are used after they are molded
into columnar matters, tablets, ring shapes and spherical
shapes and the like. Among these, coating inert carriers with
them to provide coated catalysts is particularly preferred,
because improvement in selectivity and removal of reaction heat
are expected to be achieved.

Preferable coating step (step (d), (i)) is a tumbling
granulation method as described below. This is a methoed to coat
carriers with a coating mixture by, for example, rapidly
rotating a flat or uneven disc in an apparatus having the discat
the inner bottom of a fixed container so as to stir carriers
in the apparatus vigorously through their repetitive rotatory
motion and orbital motion and by adding binders and the coating
mixture comprising the mixture or dry powders and other
optional additives, e.g., molding aiding agents and strength
enhancing materials. Any of the following methods can be
employed to add binders: 1) to premix the binders in the coating
mixture, 2) to add the binders at the same time when the coating
mixture is added into the fixed container, 3) to add the binders

after the coating mixture is added intc the fixed container,



m xture conprising the mxture or dry powders and other optional

additives, e.g., nolding aiding agents and strength enhancing materi al s.
Any of the follow ng nethods can be enployed to add binders: 1) to prem X
the binders in the coating mxture, 2) to add the binders at the sane tine
when the coating mxture is added into the fixed container, 3) to add the
bi nders after the coating mxture is added into the fixed container, 9 4)
to add the binders before the coating mxture is added into the fixed
container,, and 5 d|v1d th ating mxture and _binders jnto.separate
port 1 ons. Hd “HdR e S D OR oy LoBmbP R RGT e B 2 af e 1 7EB
approprlaﬁememe@hecoa$aleb15)and|5 ts qﬂwﬁdﬁzﬂﬂeadaata@@tmmktaddlandn rate

usi ng aut g feeder sand oLhe LLke Lo, e0RUT e ihal. g el ified amoynl.l spgarr ed

on the carriers w 2dReESi 6 of 'the coa i ng nlxtu e to

the wall soonthe i sdec ohparner 4 )ar@ agpregatiiadre bénweka adee woat i ngt
m xture. @%nB§E§eQ§%§engolth%?élQQdéPti@Hgk§§eHﬂﬁ%mﬁ%%t%tfE@@%Es 9ng type
selected from.a group consisting of water and organiic conpounds havi ng

boi | i ng pélﬁt|%¥QHﬁ%e%%%%r%5@??5t30ﬁ§fépﬁﬁ %mQﬂﬂ§n¥ﬁc?%&%ﬁ%?eo%ftPﬁe
bi nder s otcherithanwwaheuti ned vdesmpalecohahs ssueho asiethanahg @i henek,

pr opanol s t anol r erabl al cohol s_hav 1-4 carbops, ethe such
D Byl Tathas it i GhRer (P e B S S EN Ak o8t Aot VEEd: L8 o
but yl acecaae;n@enome$r$uch as acetone or nethyl ethyl ketone and aqueous

sol uti ons ther egt g Lhyebhang! | el ng. pRLTLEW A1 ¥, RheLecred,  ven, gt hanol

is used as a bin refera make the etha water ratio
bei ng 10/ 218/ 07 o4 m@@%@@e‘f LOM AP EOPP eF @R @bt §1 09 108 Hg teFassdr at ¥y L By

m xi ng WI E:Bm}b@bﬁﬁs Haeln@nteemlﬁ@ }5@95@ b neer s weed 1159 “dsHal bie22 6, Mass
part, f er abl, 100 nas%HPart of the coatin m xture.

PO017] A SpSBEri S bxaani o hariice s TEIRAS S 1 Thi ST AERC T on
i ncl ude sphechocak carchers etethafiod) | isdorerodr bi geppaablm, nadyutanols,

SiliCa'alﬂ?&@@raﬂﬁblEESOEBQSahHQQHglfng &Q?bgkég’ethers such as ethyl
ether, butyl ether or dioxane, esters such as ethyl acetate or
butyl acetate, ketones such as acetone or methyl ethyl ketcne
and agueous solutions thereof, with ethanol being particularly
preferred. When ethanol is used as a binder, it is preferable
to make the ethanol/water ratio being 10/1-0/10 (mass ratio),
more preferably 9/1-1/9 (mass ratio) by mixing with water. The
amount of these binders used is usually 2-60 mass part,
preferably 10-50 mass part to 100 mass part of the coating
mixture.

[0017]

A specific example of carriers that can be used in this
invention include spherical carriers etc. of gsilicon carbide,
alumina, silica-alumina, mullite and alundum and the like,
which have a diameter of 1-15mm, preferably 2.5-10mm. The
carriers used usually have pore ratic of 10-70%. Ratic between
the carriers and the coating mixture used is usually in such
an amount of coating mixture/ (ccating mixture +
carriers)=10-75% by mass, preferably 15-60% by mass.

When the coating mixture is dominant, reactivity of
coated catalysts tends to increase and thelr mechanical

strength tends to decrease. In contrast, when the coating

10



whi ch have a dianeter of 1-15mm preferably 2.5-10mm The carriers used
usual |y have pore ratio of 10-70% Ratio between the carriers and the
coating m xture used is usually in such an anount of coating

m xture/ (coating mxture + carriers)=10-75% by nass, preferably 15-60% by
mass. When the coating mxture is dom nant, reactivity of coated catalysts
tends to increase and their mechanical strength tends to decrease. In
contrast, when the coating 10 m xture is outnunbered, mechanical strength

of coated tal ysts tends t i ncrease er a asive and
Cheir 1 eadlil T s ehtis T HUGPERCe:  TRECBATH 6Ab 5 CERA hol ing. arirfg
agent s as aEscryded tealovEoi nntudaSS| Iica. geﬁmaldlealt erReeous: eaeth, aatum na

powder ang the Jike. . T hé,a{g)r%g of aglgr%r?ggl ng ai di ng agents used are

usual l'y 1- 0 mass part 100 nass part fhe mixture or dry powder. It
is al so useful B opEgRaalyusesthagaiing pildrg appeie e desrvebagent s

in the cataliat s anddLaghive %@%esdﬁ%%%ma%%oﬁ%régk%hf'E@ﬁﬁlﬂ@dp$@ﬁéker
etc, as str%in anC| n materlc\% enhancin mechanl cal strength of
catal ysts.2 r efl% et%etIﬂot]:‘a%%(Fﬁ% RJIFFEHETT §58Fe®hot
preferr ed,usSiaClﬂ}aS—rﬂmt asskuprkit anat €0 whi skefaand HasieC miagres bumiry

car bonat e Wmdsker The anobunt of the fibers used is wusually 1-30 nass part

to 100 mass") part of the m xture or dry powder. The mi xture or dry powders
are coated to tHe& darrilers wpefthi sowapt iamd ltiye usss it pgpcoat edbpreduct s

are usual |y, appk oxtiaiel &eﬁt@mﬂﬂb dianBl el &99]&]&@@@ gb®ks §hdh

cal cination Wile coated catal ysts obtai ney% descri bed above may, be used
for gas- pR&seSLat Bl gt ifébé%?deﬁri%nwhéééfﬁror%tcas 3 atSHLENSE i ERBRRCENEL her
modi fi cat maRerGalici nedt oBnABY cisgMeid dme ief esabkygtACIEMSeatat akykiC

activity. LS §398.. GaLelnad o eI E. T8 HsuALL Y. 100: 250G
preferred, such as potassium titanate whisker and basic
magnesium carbonate whisker. The amount cf the fibers used is
usually 1~30 mass part to 100 mass part of the mixture or dry
powder.

The mixture or dry powders are coated to the carriers in
this way, and the resulting coated products are usually
approximately 3-15mm in diameter.

[0018]
Step {(e), (3): calcination

While coated catalysts obtained as described above may
be used for gas-phase catalytic oxidation reactions as
catalysts without further modification, calcination may
sometimes preferably increase catalytic activity. In this case,
calcination temperature 1s usually 100-450°C, preferably
250-420°C and calcination time is 1~-20 hours.

Calcination is usually conducted under air atmosphere,
but it may be conducted under inert gas atmosphere such as
nitrogen atmosphere or reducing gas atmosphere such as ethanol
atmosphere. Calcination under inert gas atmosphere or reducing
gas atmosphere may optionally be fellowed by calcination under
alr atmosphere.

Catalysts obtained as described above t(hereinafter

referred to as catalysts according to the invention) will be

11



250-420C and calcination tinme is 1-20 hours. Calcination is usually
conducted under air atnosphere, but it nay be conducted under inert gas

at nosphere such as nitrogen atnosphere or reduci ng gas atnosphere such as
et hanol atnosphere. Cal cination under inert gas atnosphere or reducing

gas at nosphere may optionally be followed by cal cination under air

at nosphere. Catal ysts obtained as descri bed above (hereinafter referred to
as catal ysts according to the invention) will be 11 used to produce

met hacryl i hase atal tic _oxidation_of nethacrol Lein
Sobuty al G060 P T EThe y e A naBRe " oY | Qg Bser FBE FontLe
gas- phase coa:tc&imrqrc coximdathiagr aledct,i onswbl:kybelikhyser atedibsnbwhiychc

net hacrol gj n,, the nost preferable naterial for use with the catalysts of
the invention, is used. Ml ecular oxygen or nolecul ar oxygen contai ning
gas is used |nImhet@§s phradevéaval jJeFeroRicdani ondpeactish. RatPeYHEC

mol ecul ar 9xyEen Msed ke iBBl haciabein 15 prafes abl Mhheh%é@ngero%lﬁ 5-20
nolar ratio, and particularly preferably in a range atio.

;
It is prefté’reaB‘Pétt%r%%l%lr%%%rméifrﬁ%lﬁ”avgorrré}t's@rWé’thfé“se|Cﬁt§‘1r§b°-ita? 0&&58 of
1-20 to metRaecnrdleei,n i wrder toprmmtethereamionsnmﬁhly In

addition to Oxy&fﬁﬁ ﬂ tion%II addﬁ ter usga ¥n |ch%ded as.wat er
vapor) , the ra 9 Oégg May fcOnr &t 5558 Y9PRerF?"t5 Pﬁegrgactlon such

as nitrog@ﬁedcanbohedgexrgéaandcasaﬂutatedthdt@oarbeﬂcamdnthéakubeof

Alternati Yn% cu@%&héggﬁéﬁ'@%%%bogﬁgﬁg%'ﬂ 3%1%5 ﬁﬁ?@f QEP}/ ’Hlerg af LOMye

oxi dati on i sob et her.
React i on Pénﬁe?a?9ﬂé0b$rt?ﬁﬁ%ﬁﬁpﬁﬂﬁé§é“€%ﬁ%ﬂ%ﬁﬁ%y Hﬁﬁﬁ%ﬁﬁhiy ﬁ@aétF@ﬁg?s

usual 'y 20@- 4006, rpneferakliy .26@- 3606 rand-ddie: andWMa suppbi ednoeb the raw
mterial gas oxpressed in  space velocity; (V) d susudliy100:8099,05- 1.
pr ef er abl §6023090° h2 £ ©

to promcte the reaction smoothly.

In addition to oxygen and optionally added water (usually
included as water vapor), the rawmaterial gas may contain gases
inert to the reaction such as nitrogen, carbon dioxide and
saturated hydrocarbon and the like.

Alternatively, methacrolein may be supplied as a gas
obtained from oxidation of isobutylene, tert-butanol and
methyl tert-butyl ether.

Reaction temperature of the gas-phase catalytic
oxidation reaction is usually 200-400°C, preferably 260-360°C
and the amount supplied of the raw material gas expressed in
space velocity (8V) is usually 100-6000 hr™', preferably
300-3C00 hr™t.

The gas-phase catalytic oxidation reaction can be
conducted under either increased pressure or reduced pressure,
however, pressure around atmospheric pressure 1s generally
suitable.

{Example]
[0019]

The present invention will now be described more
specifically by way of the examples, however, the invention is
not limited to the examples.

Conversion rate, selectivity and yield are defined as

12



The gas-phase catal ytic oxidation reaction can be conducted under either

i ncreased pressure or reduced pressure, however, pressure around

at nospheric pressure is generally suitable. [Exanple) [0019) The present
invention will now be described nore specifically by way of the exanples,
however, the invention is not limted to the exanples. Conversion rate,
selectivity and yield are defined as 12 follows. Conversion rate = nole
nunber of methacrolein reacted / nole nunber of nethacrolein supplied x 100
Selectivity. = %e nunber of nethacrylic acid produced / nole nunber of

met hacrol ein reacted x 100 Yield = nole nunber of methacrylic acid produced
/ nmole nunber dformeEttmicrolEte supplleeturbd ot OG0z cEXANPLERCLRd /

Prepar at i qp, @f ﬁgﬁ Vste To-5680. 0 -0of P yater wepe added 800g of
nmol ybdi ¢ anhydride, 40.43g o% 5angd§un1 %ntoxide and 73.67g of 85% by

mass or t hophosphSHiaCtdciidhY st MGl Mgl arhréeMR6GRS rAt 192€CE6 PyPErEed
ngtéCO|?Ue¢wﬂéﬁﬁumﬁéﬁﬁdﬂﬁheﬂﬁﬁb§@l@1hOﬂgﬁﬁg?@B£n1©@0|eg t0.15-ﬁ0C andd

.2g of an aqueous, sol ution caontainin . 1% mass of cesium r oxi de
Mt IR PR &5 uh e N Lol gl I RA VAT Y B e SR b
acet at e wenexlgrnadifalrathzaddeldeat $hepsaa@ 21 @) and maturation for one hour
at 15-20C[(Rﬁﬂﬁided yellow slurry. To the slurry, 709.9g of an aqueous

solution contai'ning 6.3%y mass cupric acetate was gradual |l y added, and
addi ti onalEXAEtgr dt i on was perfornmed for 30 minutes at 15-20C. The slurry

was t hen spray qu@qebgﬂﬁfmhpQﬂpqmﬂéyy§gide. The conposition of the
complex oxide produced 'm oP STt hates Ware added §00g %67 molybdic

anhydride, 40.43¢g of vanadium pentoxide and 73.67g of 85% by
mass orthophosphoric acid, stirred for three hours at 92°C to
vield rust-colored clear solution. The solution was then cooled
to 15-20°C and 458.2g of an agueous solution containing 9.1%
by mass of cesium hydroxide and 629.1g of an agqueous solution
containing 14.3% by mass of ammonium acetate were gradually
added at the same time, and maturation for one hour at 15-20°C
provided yellow slurry.

To the slurry, 702.9g of an agueous solution containing
6.3% by mass cupric acetate was gradually added, and additional
maturation was performed for 30 minutes at 15-20°C.

The slurry was then spray dried to provide complex oxide.
The composition of the complex oxide produced 1is
M010Vo.8P2.15C0e.4Cs¢.5 (NHg) 2.1

320g of the complex oxide, 6.9g of antimony trioxide and
45g of strength enhancing material (ceramic Zfiber) were
uniformly mixed and coat molded to 300g of spherical porous
alumina carriers (particle diameter 3.5mm) using approximately
80g of 90% by mass ethanol agueous solution as a binder.
Resultant molding was calcined for five hours at 380°C under
flowing air to give a desired ccoated catalyst (catalyst
according to the invention).

Active component composition of the catalyst obtained
was Moi1oVe.sP1.15CUc, 4Cs0.5 (NHg) 2.15by 3.
[0021]
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320g of the conplex oxide, 6.9g of antinony trioxide and 45g of strength
enhancing material (ceramc fiber) were wuniformy m xed and coat nolded to
300g of spherical porous alumna carriers (particle dianeter 3.5nm using
approximately 80g of 90% by mass et hanol aqueous sol ution as a binder.
Resul tant nol ding was calcined for five hours at 380C under flowing air to
give a desired coated catal yst (catalyst according to the invention).
Active conmponent conposition of the catal yst obtained was

Mol OVO. 9Pi . 15CuQ 4 ) 24 3.2) i C.oxidation
reaction of net h%a)c%qe?s#%.%%i&%%%g%%%taeo c%%a?‘%%g%%%%?ﬁgd was filled
in a stainless steelnly edfctliioh qaidechast dlnisdr oditanrest vofs £8.14mm in a

met hacr ol e 0y dad | o d eactd on was B! forded pWeing janegenditd 9n  ofn! aw

mat eri al gas (conposjtion (mole ratio); methacrolein : oxygen : water
vapor : ng’ﬁ&‘r%@eﬁn PxI0pLiny  gpactigpacavel et 197PSY) UP0thr - 123and
reacti on hairuiteinper atuneww 3h8€erThe react iiepmpasiktnbhi aldyicopktnued for
three hourmseteﬁtacrrO aec.trjl on, bath te erat ure of 310C, thgﬂtfzgy'o? bgah

t enper at ur's WS 1% dd  tHBHUC aH The 2P&4ct o WS eont i rfued'* +8¢ °15 hours
(this treatreemt Vslhereyndfier ¥28fem édand asacthicgh-taetipet athperateaet i on

tr eat nent "9.n-Reagt. .o ; r c reaction
bath tempert ore s P%%%%?%o%%%g“ T a T cRhL EhydarE SERI PBUESEEE Lot on
reaction FEFRAES! ePAthet REEPGFREURBE Hakr Wi Ccoversi srarcatieny hetd acid

sel ecti vi ttenfferiaeh g cExanptgi de@ard Bophasgnaft 16 B6:E2684a19:4R: 8Bued

reaction aff ter, 89.69 83,50. 74,89 high-tenperature react |fon
or 15 hours {this treatmenlt is hereinafter referred to as
“high-temperature reaction treatment”). Reaction result was
measured after decreasing the reaction bath temperature to
310°C,
(0022}
Table 1 Result of methacrolein oxidation reaction
methacrolein methacrylic methacrylic
conversion rate % | acid acid
selectivity % yvield
Example 1 | early phase of the | 87.26 81.19 70.85
reaction
after 89.69 83.50 74.89
high-temperature
reaction
treatment

As shown, if antimony is added at the ratio of 0.05-0.3
to 10 equivalence of molybdenum, catalysts have strong activity
and exhibit excellent activity and selectivity when used under
large space velocity. They also exhibit excellent activity and
selectivity when used under the condition of small reaction
tube diameter and large linear velocity. They  can
advantageously be used when space velocity is increased for
increased production or cost reduction by decreased amount of
catalysts is desired.

[0023]
Example 2
Coated catalyst (catalyst according to the invention)

was prepared in the same way as in Example 1 except that 320g

14



treatment As shown, if antinony is added at the ratio of 0.05-0.3 to 10
equi val ence of nol ybdenum catalysts have strong activity and exhibit
excellent activity and selectivity when used under |arge space velocity.
They al so exhibit excellent activity and selectivity when used under the
condition of small reaction tube diameter and large |inear velocity. They
advant ageousl y be used when space velocity is increased for increased

can
production or cost reduction by decreased anount of catalysts i s desired.
[ 0023] Coat ed cat al atal St accord n vention)
was prepaf%ggln %ﬁ sﬁﬁeemgvgég mpreY 1 gﬁ %égb v 3“8%9

conpl ex ommncm'lq gmefceamallrmhtyeramml (feb@rrd 4ﬁeoé stririgiigtril y emhandi ng

Corpos. t | GG peb e b e e T I N B R R TR0

conp05|t|on of the cafa ai ned
2. 1Sbo. 7 NEthdcebl eitii ook at [N ) rzeéd,@towon was performed as in Exanple 1

except thﬁeﬂﬁa&&@t@@x@mw rWagWeedya TheeF eSHhEd1 S5 ShowRambnTabl e 2.
[0024] Table 2 Result t hacrol ei.n oxi dation reaction nethacrolein

met hacr y| |96<Cr?é9[th58fa§l FElSc%We?%.C@ﬁarléeet YRgcracdei e Jeeeth vist §R 9 i el d
Exanple Zleaﬂbyﬂphase of the 73.31 83.91 61.51 reaction after 81.39 85.48
69. 57 % 5%qperature reaction treatnent [0025] Exanple 3 Coated

catalyst (catalyst according to the invention)
Table 2 Result of methacrolein oxidation reaction

methacrolein methaerylic methacrylic
conversion rate % | acid acid
selectivity % yield
Example 2 | early phase of the | 73.31 83.91 61.51
reaction
after 81.39 85.48 69.57
high-temperature
reaction
treatment
[0025]
Example 3

Coated catalyst (catalyst according to the invention)
was prepared in the same way as in Example 1 except that 320g
of complex cxide, 22.7g of antimony trioxide and 45g of strength
{ceramic fiber) were uniformly mixed.
the

Methacroliein

enhancing material

Active composition of catalyst obtained was

M0O10Vo.8F1.25CU0.4Cs0.5 (NHg) 2, 18b1 ¢
reaction was performed as in Example 1 except that this coated

agent
oxidation

catalyst was used. The result is shown in Table 3.

[0026]
Table 3 Result of methacrolein oxidation reaction
methacrolein methacrylic methacrylic
conversion rate % | acid acid
selectivity % vield
Example 3 | early phase of the | 77.88 83.98 65.40
reaction
after 78.00 85.49 66.68
high-temperature
reaction
treatment
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was prepared in the sane way as in Exanple 1 except that 320g of conplex
oxi de, 22. 7g of antinony trioxide and 45g of strength enhancing materi al
(ceramic fiber) were uniformy m xed. Active agent conposition of the
cat al yst obtained was MdloVo. 3P1. 15Cu0.4Cso,5 (NH4) 2. 1Sbhi.o. Methacrolein
oxidation reaction was perforned as in Exanple 1 except that this coated
catal yst was used. The result is shown in Table 3. [0026] Table 3 Result
of nethacrol ein oxidation reaction nmethacrol ein nmethacrylic nethacrylic
conversion rate %acid acid electivity %vyield Exanple 3.ear|y§|§pa e of
the 77.88 83 08 &b #°"7 eja%tif%ﬁi%?téeran%.%o S B8 hitgh 2EETerat ur e
reacti on m@atartcem of 1B 3&slsﬂflmwn1®@q1ﬁabdaé$n2:eand 1851 wibierant icab ey viss sadded
at the raérﬁ&f 9§r9a§‘&e§s£91i?t?théﬂag?{?geeQEefi‘?L'e}ﬁQdg%‘f%r@%@eﬁ}nﬁershOW
great versatility and give exceflent perfornmance under “Industria
condi ti onstn§wo7ial Eanpleiganepat ed catal yst (catal yst according to the
invention);oovas) prepared in the same way as in Exanple 1 except that 320g
of conpl ex_ oxi de, 40. 9g of antinony trioxide and 45g of strength
enhanci ng TE®1i%l% (ceranmic fiber) were uniformy mixed. Active agent
conposi tion of tdwteal ajaisdil ebt al agdawast MAOVe:i AR1:35€He, 465end o)
211Sb1. 8. Met hacral ei n.oxidation reaction S farnmed as | le 1
except Uhdl L AICFEgabd ™ ChtaPale fas tset TRt ESdl CAsToncuR S Aobabl & 4.
[0028] Tall ecupResul:Ai s, Aot lvgee bleeitinoxiydationideaotd 6Aget hacrokbéhn
met hacryl i WIRINaR] Yhh€erial (ceramic fiber) were uniformly mixed.
Active agent composition of the catalyst obtained was
MOlOVO.BPQ_.lsCUo‘qCSg.S(NHg)g'lsbl_g. Methacrolein oxidation
reaction was performed as in Example 1 except that this coated
catalyst was used. The result is shown in Table 4.

[0028]
Table 4 Result of methacrolein oxidation reaction
methacrolein methacrylic methacrylic
conversion rate % | acid acid
selectivity % vield
Example 4 | early phase of the | 66.45 85.92 57.09
reaction
after 57.99 88.18 51.14
high-temperature
reaction
treatment

As shown, when antimony is added at the ratio of 1.5-2.0
to 10 equiv of molybdenum, catalysts show higher selectivity
as compared with the catalysts described in Examples 1-3 when
used under conditions with smaller space velccity.

Examples 1-4 demonstrate that easy control of catalytic
activity and preparation of catalysts having versatility in
many reaction conditions can be achieved by adding antimony.
[0029]

Example 5

Complex oxide was obtained in the same way as in Example

1 except that 916.4g of an aqueous solution containing 9.1% by

mass of cesium hydroxide and 1497.3g of an agueous solution
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conversion rate %acid acid selectivity %yield Exanple 4 early phase of
the 66.45 85.92 57.09 reaction after 57.99 88.18 51.14 high - tenperature
reaction treatnent As shown, when antinony is added at the ratio of
1.5-2.0 to 10 equiv of nolybdenum catalysts show higher selectivity as
conpared with the catal ysts described in Exanples 1-3 when used under
conditions with snmall er space velocity. Exanples 1-4 denonstrate that easy
control of catalytic activity and preparation of catalysts havi ng
versatilit | JIOH condlt Qns can be achi.eved by addin

anti mony. SO0 ek alib 6 £ A e ot s L G T Ho Sane20dy as
in ExanpleﬁfﬁﬂexcepnplﬁatoglﬁeAngf7@n0éqaebmmosalurmoﬂldenaadnﬁﬁg Qflo by
TS o oSN OXhdRRg A492,9d101( AL AANEOMS, SOI Who 0D uhOfEOREGI NI NG

14. 3%% by mass of anmoni um mere used. 320g e conp ex oxi de,

22.7g of dhtiaforgner p@%ﬁd@o&ﬁ@mggo o$004gt péngﬁtﬂh%ﬁﬁfaﬂe@@%% eplLalipeer ani ¢
fiber) were wnid.of r(bmtmc&@ddﬁme@@m r@meqStlag?»@@ybgffm%@%ﬂ e@haﬁ@nous
alumna carriers éggrtlc e dlane% 23% S|n%% @62 mass e%hanol
aqueous sEUTVIF as avbithbler® REs Ilfl&lﬁtr BT Yt WS ﬁlngal‘ﬁ%eﬁ £Br five
hours at 3BQCiundertdd dwiveg haiur s @atgizee °a ek €d otaated ieatal yite a

(cat al yst i n t he. i ventlo ) gsiti.on of the cat bt ai ned
was NblSﬁ%%ﬁ%%ggggﬁ%gEC%ﬁﬁ %% &é%ﬁﬁgccﬁﬁﬁﬁagréfgpﬁ 5X|§a¥?én?
reaction was per fCommped ids dm Exaﬁpletiﬁexcepatahastthlsﬂﬁaaﬂéﬁi cavabyst
was used. yEhe,resu Hcdo e %’\(NOHI;” Table 5. [QQ30]..Jahlg, 5 Regyltizpfon

met hacr ol ei A’ OXI I on reac n nethacroleln nmet hacrylic J nethacrylic
reaction was performed as in Example 1 except that this coated

catalyst was used. The result is shown in Table 5.

[0030]
Table 5 Result of methacrolein oxidation reaction
methacrolein methacrylic methacrylic
conversion rate % | acid acid
selectivity % vield
Example 5 | early phase of the | 77.97 82.79 64.55
reaction
after 72.19 84.91 61.30
high-temperature
reaction
treatment
f0031]
Example 6

To 5680 ml of water were added to 800g of molybdic
anhydride, 40.43g of vanadium pentoxide and 73.67g of 85% by
mass orthophosphate, stirred for three hours at 92°C to yield
rust-colored clear scolution. The sclution was then cooled to
15-20°C. To the cooled solution, 458.2g of an agueous sclution
containing 9.1% by mass of cesium hydroxide and 629.1g of an
aqueous solution containing 14.3% by mass of ammonium acetate
were gradually added at the same time, and maturation for one
hour at 15-20°C provided yellow slurry.

To the slurry, 702.9g of an aqueous solution containing
6.3% by mass cupric acetate was added, and additional
maturation was performed for 30 minutes at 15-20°C. 32.4g of

antimony trioxide was added to the slurry and maturation was
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conversion rate % acid acid selectivity %yield Exanple 5 early phase of
the 77.97 82.79 64.55 reaction after 72.19 84.91 61,30 high- tenperature
reaction treatnent [0031] Exanple 6 To 5680 nl of water were added to
800g of nol ybdic anhydride, 40.43g of vanadi um pentoxi de and 73.67g of 85%
by mass orthophosphate, stirred for three hours at 92C to yield
rust-colored clear solution. The solution was then cooled to 15-20C. To
t he cool ed sol ution, 458 2g of an aqueous solution containing 9.1% by nass
of cesium hydroxi de a%%%tl%nal ueous sg ? ep C ntalnln 14. 3@6by
mass of anmoni UMt acet at &~ wer e dgradu é?% d: Qe sa tlne ARG S
mat ur at i ontfiersrorey dh@ﬂﬁ tat yﬂ@lzbd:rprw@@n @@Mp@wxllmnr yf tFee tl@elpéleucrry
709. 99 of @de9y§?§§ggtwg§ BONkAI R ! @c? ég XNgagblg&prlc acetate was

added, and addition mat ur at i on mas m riut es at 15- 20C.
32.4g of antinomPereoxtae @&y é’@d’@@rt @thhe‘l%q upf yshnengaburabpes iias 17

conti nued f01e adg t [@é‘ﬁimﬁ@ frmélir ;aswétire15n890un158rﬁh9rMxté@sanah%o%m ay
dried to yi on of the conple owder obt ai ned was

r osi t
MbloVo. spFO?égifg tf?cgﬁ\ég ?ﬁHth T 1%h QPI%*?%@ldfmJt“r‘?e C&rryl&mdépagﬁa%g of
strength etihamnsetiang 3 . ﬁnmeruahngcempnmzlmabeiyEW&refthe%1upmh@mnbyhahb&d and
coat QQ f. ric r.ou carrj.ers articl
di anet er %ﬁghﬁﬁﬂ%scﬁﬁﬂéﬁﬁfgklna?ép$% % gﬁﬁ)bymﬁ&géngtﬁé% FalgéﬁggUS
sol ution &P bitriérouResu t3M° Gmlln@hi@ng Wa@wcfagcanedtofgnvh gedheorsdat

380C undercfd:Qi NG zaiaN J@ 0iv& 3 1desi r ed . coaty gg catakyst (gatakysh)

according to the invention). ~Methacrolein oxidation reaction was perforned
as in Exaffit&eCr GhedehPERAE 1o §2865168 varapgsiowasd med FRéMPdsult s

shown except that this coated catalyst was used. The result is shown
in Table 6.
[0032]
Table 6 Result of methacrolein oxidation reaction
methacrolein methacrylic methaerylic
conversion rate % | acid acid
selectivity % vield
Example 6 | early phase of the | 72,79 83.63 60.87
reaction
after 82.22 86.11 70.80
high-temperature
reaction
treatment
f0033)
Example 7

The coated catalyst of Example 3 was filled in a steel
reaction tube with internal diameter of 29.4 mm that was
equipped with a thermo couple protection tube with external
diameter of 6 mm so that height of filled layer 350cm has been
achieved, and isobutylene was supplied to the reaction tube so
that the space velocity of 800 h™ of the reacted gas was
achieved when reacted with molecular oxygen in the presence of
a complex oxide catalyst (molybdenum, bismuth, cobalt and iron
are major constituents).

Composition of the reacted gas was 3.21 vol% methacrolein,
8.99 vol% oxygen, 71.54 vol% nitrogen, 14.46 vol% water vapor

and 1.80 vol% remaining conmponents.
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in Table 6. [0032] Table 6 Result of nethacrol ein oxidation reaction

nmet hacrol ein nmethacrylic nmethacrylic conversion rate %acid acid
selectivity %yield Exanple 6 early phase of the 72.79 83.63 60.87

reaction after 82.22 86.11 70.80 high-tenperature reaction treatnent

[ 0033] Exanple 7 The coated catal yst of Exanple 3 was filled in a steel
reaction tube with internal dianeter of 29.4 nmthat was equipped with a
therno couple protection tube with external dianeter of 6 nmso that

hei ght of filled.layer Ocm h been achieved, and isobuty. was
Supslied to t he PEALECEn T opa g rmte e Sk ta ot sef Py b G080t the
react ed gastiwas tlrechiteved ehephe eaet etdinint hsnpheeul ar Oxipgen’in t he
presence cﬁoogﬁ]conplex oxi de catal yst (nolybdenum bismuth, cobalt and iron
are major constituents). Conposition of the reacted gas was 3.21 vol %

met hacr ol diahle 7 Resndf of leyhasxsigiorpxidptioB4esadlo ni t r ogen, 14.46 vol % wat er
vapor and 1.80 vo| feaegsimi Ni BEthCORGEPONENt S. 5pk8| HRchdcagsht Divet®RERAET Ollei n
oxi dati on reaction| 200Qriw 5°C af deipebh@rst @ t | @fnvbhewr eacti®@n is shown in
Table 7. [[0034] Table 7 Result pf methacrol ei hrpxegdati on reactiany egcti on

bat h hot |$pempet haggol ein et hacgy ic tenperpture / C tenpegature 7 |C
conversion acid rate % selectivity % Exanple 7 294 315 72, 79 83.63 [0035]

[0035]
Example &

41.2mL of the coated catalysts obtained in Examples 1,
3 and 4 were filled in a stainless reaction tube with an internal
diameter of 18.4mm. A raw material gas (composition (molar
ratio); methacreclein : oxygen : water vapor : nitrogen = 1
2 : 4 : 18.6) was flowed into the reaction tube at 300hr ! of
space velocity (8V), and methacrolein conversion rate,
methacrylic acid selectivity and methacrylic acid yield were
determined 24 hours after beginning of the reaction.

The result is shown in Table 8.

[0036]
Table 8 Result of methacrolein oxidation reaction
antimony reaction bath | methacrolein | methacrylic | methacrylic
amount temperature conversion acid acid
/°C rate % selectivity % | yield%
Example {0.3 265 74.26 77.23 57.35
1
Example | 1.0 270 79.71 79.89 63.68
3
Example | 1.8 275 78.40 80.46 63.08
4
[0037]

Comparative Example 1

Te 5680 ml of water were added to 800g of molybdic
anhydride, 40.43g of vanadium pentoxide and 73.67g of 85% by
mass orthophosphate, stirred for three hours at 92°C to yield
rust-colored clear solution. Subsequently, 32.4g of antimony

trioxide was added to the solution and heated with stirring for
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Exanple 8 41.2nL of the coated catal ysts obtained in Exanples 1, 3 and 4
were filled in a stainless reaction tube with an internal dianeter of
18.4mMm A raw material gas (composition (nmolar ratio); methacrolein :
oxygen : water vapor : nitrogen =1 : 2 : 4 : 18.6) was flowed into the
reaction tube at 300hr-1 of space velocity (SV), and nethacrol ein
conversion rate, nethacrylic acid selectivity and nethacrylic acid yield
were determ ned 24 hours after begi nning of the reaction. The result is
shown in T 0 sul f_of . rrethacro i.n oxidatign reaction
Vanount on@gcl'rig%c I|1%in ‘g&? %]Lﬁacr Oﬁglﬁ Ir:r% 5‘5? ?gyneﬁﬁgc?solll Hak énper at ure
conver si on aci d Heg ¢olptd arave s96 sehectd igd )L@/ol)'irélod% 268 475182569737f 28 57. 35
270 79.71 3. a le 1
To 5680 n1° o1 WAt o Mar e Bddai o 880G of nel §Bdie anhyari e’ 40 43q of
vanadi um pEifl e and #3. @qge@fﬁs@@/&wwlﬁa@%ﬂ@ww h%néoy geiser 8d f or
three hOUI’afimﬂin:L%lCaTc@t)élt%' deré@ia@@émy%dﬂéﬁlﬁch%@elﬂd an. t ubseguenkky,

32. 49 of anttlhm)n t,ri ox E added ]éo t he sol ution 3 g heat ed wi t
stirring for-"? f&idddinG oﬁ‘& ?RB }ﬁ%ﬁ?s PGIET Yt Aavy YoFuBTSBEEEFon.

The sol utisdninmas. t hen cool ed to 15-20C and 458. 2g of an aqueous sol ution
containing 9. 1% Si hydr oxi oand 629, Ig of an a

sol ution cont ai %I%g %@E%&n&zg’boﬁg g)rfh'rg’ﬁl?’um Acetat e ng%rag %?y added
thereto ataqqﬁ?@@aﬁélﬁlﬂiﬁ@ﬂ weshtRenretagyakhy aghehoundofatmtratdtinonaat

15- 20C pr @grdedhues! Wdy admﬁl%asl Wd Y1 A0 9% 0f 1 6. 346 BY mass cupric

acetate aqueous_solution was then gradually added, and maturation was
continued for addit ?6H5Fy§@a?ntrﬂﬁré§p§t3y1@r2@@ to provide complex oxide
powder. The composition of the powder produced is

M019Vg,8P1.15C00.4Cs0,5 (NHg) 2.18b0. 4.+

320g of the complex oxide powder and 45g of strength
enhancing material {(ceramic fiber) were uniformly mixed and
coat molded to 300g of spherical porous alumina carriers
{particle diameter 3.5mm) using approximately 80g of 390% by
mass ethanol agqueous sclution as a binder. Resultant molding
was then calcined for five hours at 380°C under flowing air to
give a coated catalyst for comparison. Methacrolein oxidation
reaction was performed as in Example 1 except that this coated
catalyst was used, but methacrolein conversion rate was as low
as 15% and could not be used as a practical catalyst.
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The slurry was then spray dried to provide conpl ex oxide powder. The
conposition of the powder produced is M10Vo. 8P1. 15Cuo0.4Cs0.5 (NH4)
2.1Sbo. 4 320g of the conpl ex oxi de powder and 45g of strength enhancing
material (ceramic fiber) were uniformy m xed and coat nolded to 300g of
spherical porous alumna carriers (particle dianmeter 3.5m using

approxi mately 80g of 90% by nass et hanol aqueous soluti-on as a binder.
Resul tant nolding was then calcined for five hours at 380C under flow ng
air to gi fé@mgoated catal yst for conparison. Methacrol ein oxidation
reaction was perfornmed as in Exanple 1 except that this coated catalyst
was used, but Anethaed dai macoeetsiromor ate Waby a5 doowrigsi b %sard tdadl d not

be used aSa@thFé‘%'m%%'ne@@cts%?%&olé%%e%ﬁd, hodphér E%id;funﬁrp@%fs%%nw' ng a
catal yst conprising essential active conponents of nol ybdenum phosphorus,
vanadi um ¥ESTRY - &itd ABAYN1anBicartishila Fof Risediat ¢ie 9 B8GERCEH LoF

met hacryl igci @Ci €bmEePIh§i M M Y ARt aAbh PORYmEeNRAUNE W khcaneorRl ex

oxi de containing the essentjal active, c onents ot her than ntimpny, and
ol di ng. art i G TR L HET T eREl TFRG 5 UPGELY, CTHESREEABACAEEST dPAY t o
Claim1, wherietany hermi xiadohigtded aanidbonygcohpouaduintthgt hexcompl ex
oxide is e I 1 X1 of the | ex oxjde.and a saql.id L. ny
conpound. a23 .iﬂ%e%%odo ogr%%g%% Ifla ttjl})r icﬁéqﬁl gét"é ?/g%l%o%jper ingjixnlgn%;%sr}telﬁglgal
active corggrienty eprpelykdentimthshosphdersyx vdinddi ame degiiggl Nantirgony,

and amonicF f9fe Usad et NS RIOAUEE 1 ONs Of i B BCKYh Y CooRBbEndCONMPri Si ng
m xing a slurry containing the essential actlive conponents other than

antinony and BESTECoAPEr FRBREACTREONE & GiffIceR Tx COBLEY Shé&t FRAGERERLan
anti nony cepoundompdnghng dheol@sdkehung Hhxépierto, femads i,y cpewdar, and

ol 09" a1 52Lg) 1L R8Ny pader, 4. Ihe eLnad acar gL, Ghalm S
35C. 5. Theidet houactodiad ngikongl & nsluory 2coweneiimat hehamedeagtial
CONpr i Ses 4¢akieNG A RG] VR ILAT el WAL A8, M XE UL M§1 BOnvertible
into a complex oxide by heating with an antimony compound,
drying the resulting mixture to form a dry powder, and mclding
and calcining the dry powder.
4. The method according to Claim 3, wherein the temperature
at which the antimony compound is mixed is 0°C to 35°C.
5. The method according to Claim 1 or 2, wherein the molding
comprises coating an inactive carrier with the mixture using
a binder to form a coated catalyst.
&. The method according to Claim 2 or 4, wherein the molding
comprises coating an inactive carrier with the dry powder using
a binder to form a coated catalyst.
7. The method according to Claim 5 or 6, wherein the binder
is water and/or at least ocone type of liquid selected from the
group consisting of an organic compound having a boiling pcoint
of 150°C or less at 1 atmospheric pressure.
8. The method according to any one of Claims 1 to 7, wherein
the calcinaticon temperature is 300°C to 450°C.
9. A catalyst prepared by the method according to any one of
Claims 1 to 8.
10. A methoed for producing methacrylic acid, comprising

gas-phase catalytic oxidation of methacrolein,
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a binder to forma coated catalyst. 6. The nethod according to Caim3 or
4, wherein the nolding conprises coating an inactive carrier with the dry
powder using a binder to forma coated catalyst. 7. The nethod according
to Cdaimb5 or 6, wherein the binder is water and/or at |east one type of
liquid selected fromthe group consisting of an organi c conpound having a
boiling point of 150C or less at 1 atnospheric pressure. 8. The nethod
according to any one of Clainms 1 to 7, vvherein t he cal cination terrperature
i's 300C to; Iys pr th ordl y one
of dains %ék?&égai@eﬁg&%ét ho fg[rg%%ﬁg duci ng rre ag}r%yll %g aci 3’% % si ng
gas- phase zatalying bgi @éwmn%f met hacrol ein, 21 isobutyral dehyde or

i sobutyric acid using a catalyst according to Claim9. 22
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